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THE SAME 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide Nb-containing 
ferritic stainless steel free of thickness restriction 
in applications, superior in planar anisotropy, 
corrosion resistant, thermal resistance and workability, 
without addition of specific alloying elements, and also 
provide the production method for the same. 

SOLUTION: This ferritic stainless steel contains, by 
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mass, C: 0.03% or less, N: 0.03% or less, Si: 2.0% or 
Mn: 2.0% or less, nickel: 0.6% or less, Cr: 9-35%, and 
Nb: 0.15-0.80%, containing additionally one or more 
elements of Ti: 0.5% or less, Mo: 3.0% or less, Cu: 3.0% 
or less Al: 6.0% or less as necessary and the remainder 
being Fe and unavoidable impurity. In the stainless 
steel, fine precipitates are dispersed in a matrix as a 
solid solution by a final annealing, and thereafter the 
precipitates having the grain diameter of 0.5 jim or less 
are controlled to be 0.5 mass % or less. Further, the 
crystal orientation of rolled face in the depth of 
one-fourth of steel sheet thickness is controlled. 
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[J*ft¥«l «fi%-C% C : 0. 0 3%J£IT\ N : 0. 
0 3%JilT\ S i : 2. 0%mT, Mn : 2. 0 %«. 
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[«MMII*«>ttH] 

[■MSJRll «*%T% c : 0. 0 3%WT> n : 
0 . 0 3 %&T\ S i : 2 . 0 %WT\ M n : 2 . 0 % 
J-J.T, N i : 0 . 6 %WT, Cr : 9-35%, Nb: 
0. 15-0. 8 0 U e jo4 0qFoT 

«»*#6&fctt«0. S^mJ-JLTOUfm^SrO. 5®* 
M<7)^ B B B ^(3i*T^ (a) •C5e*i-*»«-5fi«JfC 2 . 

(a) SM5-3*«Jt= ( I (222) / I 0(222) ) / ( 1 (200) 
/ I 0 (200) ) 

1(222), i <2oo) : mmtox&mviizxz (222) 
(200) MwmRtt&Bt 

10(222), Io(2oo> :*WflK*K>Xi»H«KJ:* (2 
22) I, (2 0 0) ®<0®R!t?j&« 

lWf*S2] SfcK, «S%t\ t i : o. 5%W 

T, M o : 3 . 0 %WT> C u : 2 . 0 %WT\ A 1 : 
6. 0%WTO lttifcl±2ttm±£-£fr»#JRl t-Se 

fcf&BWrasi&ofi^o. 4~i. 2SS%-c**»*ii 

1 £ tzli 2 uS«oftlItt*:lltLfrt**tto/h*v»7 

4 5 0t:Jtt±7 5 OtWTOfiateBv 2 0 httTOH 
0 0-110 O'COSStellT-l m i nttTcO^a* 

[0 0 0 1] 

k « s *t * taut K«*tj**tto/h s v > ? * 9 

*ISWOill4, gfcffii!^*) L< 14 &i£SR«, <£&il 
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[0 0 0 2] 

[&*?>t£#f] jfi#, Nb^T i^-eC*N*B5eU 

» *' x k i n f> o * x > u * m < ffiffl 5 ti 
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Kft8B£1i*il5Afcillfc LT, SUS 4 0 9 L, SUS 
4 3 6 L, SUS436J1 L^OiB^-ewHHEUSea* 

K^nv h /M T^KteN b *>T i £C 

J:4*iMSa8E4:iaofeiii: Lt, SUS430LX, 
SUS430J 1 L, SUS444 S&<r)ffl*?-t<7)mi8M 

[0 0 0 3] -2f, itt*^*"X«KS|5*t(4«X^-X 

[0 0 0 4] HXr^ UXiI<7»£®1t[6j±£ 

20 BWf:LfcWftH!&U\ -tti TC *>&#^ < ft t>iiX # 
fc„ ^-<D#fti:L-C(4 > t«a**0«iEffc 
U:fc9J$*t4o «59"0«SEUHLT14, ^*J3i« t a* 

(Omnk (0lJx.(4#&BH 5 1-29 

6 9 4 ftteW 5 1 - 3 5 3 6 9^Wl) <Oi& 

AU B, C u ^Otc& ^ ?$*D^ 4 7? 4 ^ tl. 

L^L, T i ^Nb<0?^*DI4, S^t)1t<0}§St^^ r 
ffi (r-) <7)[p]±H(4?A*t!)^4 i>(D<7>, r^<r>®|*I^ 
(Ar) Tj^^v^tv^M®****^*, 

1 14'E-i 1 L t fx. 4 v^o 
[0 0 0 5] Mit*feW®iE'fbtC4 4J!)nX14K«0#ft 

fb, #^>)iaKofiia'fb^o^ftT-*)»), s f>»c 

v^4 0 -K<b(4, v^-rtt^|f^ B B B *^a^(c^S?rS. 

[0 0 0 6] ffc, «iSU*oieniJv»r, i^BES 
!P<0±#IC4I), (r-) tt45 4a' (Ar) ^t<7>5l^* ? 
ec«?tt^;i:, Z<Dfztf>iZltT i ?^inS3T*!4 6 0%W 
50 ±, «FfL< 14 70-90 %<O^BEffifW5-C*4 
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tf, *7-> u^t&^n, uxmtitu (1995% 
ft) , p 9 3 5) o z.aymzii, 2®'<%m2®m$£m 

[0 0 0 7] Ztib<7>$i&?jmziiZ,1]QXte.<r)?k&li, 

s u s 4 3 Qmz<p'kizn&<7)&£7tmimuLfzffi, 

#USUS 4 3 OCA 1 i ZmtiaLtzffliZttL, ffi. 

im&.mm-m^bnz, t i ^Nb zmtuLtzmizm 

tzlfN b^^-tix^—yjitzliM^i t^otzMr-m.^. 
ZtLX\,-z><k><r)*mw.Zlx2>mmx-*>2> (#^T6-i 

7 5 1 9-S§-£r$&, #BJ¥8- 3 1 1 5 4 2 -§-<&$£) 0 
[0 0 0 8] ^tL<b<O^S(±, ®«<7)§giixeJiW(--fpJ 
<b^<0#M§:£fgi;.z>#\ $JiiX*l-?-<7)*><7>£^HL&tt 
til£%bb^tz&. M*if*U «:^IC(±© 

S|S£-(±> SSp^ff^O. 7-0. 8mmT-SMSH;!&lt£ 
iXXH'O^ SSp° B «)Pl. Ommfll±«ftlItti:ov>Tli 
fS?tltv^v> 0 !RfI-, ±i£L££Hi;fr££*0P2. 

<ffiffl§ttTV^) (cSffl-f**^ <%|H]EEi£^£ 7 0 
[0 0 0 9] 

[I&iB* ? 8?&LJ:t t-f&igjg] tl±<7)J:d{-. Ti^ 
Nb^W7x7-f h&XT-yvxmiz&^x. m 
s,mmtn. o mmJiixr-^oTts^xgo^tn^Sif 
it n x h coxi^fc < , Sftf^nXttis «t ^TSrt^*14 
Z%?z>mn&l%tfW.ittx^fzo *%Wi±, 
^P^M^^ft'-r^ < £ tifc *> or-* n , itJtti^it 

i7-f h#*f->U*«|j3j:ir*0|Hi;£8:«:*tti-4 
£ t £ g W i 1" h % <OT-* £ o 
[0 0 10] 

mm^m^-i>tz^<r>^m ^m^mxmzsum 

ft £jlf&-t «g%T\ C : 0. 0 3%WT, 
N : 0 . 0 3 %JBLT, S i : 2 . 0 %&T. Mn : 2. 

0 %WT> N i : 0 . 6 %J£IT, Cr : 9-35%, N 
b : 0. 15-0. 8 0%£-§"WU ^SCIdUTT 

1 : 0 . 5 %JtTF\ M o : 3 . 0 %JSIT, C u : 2 . 0 
%J£lT, A 1 : 6. 0%l;lTcOltti£(i2ttWLh£3- 



(3) . . 2002-194507 

ftCif) - MM m S -tJrfcHMMrtBtt *r«#*l* (- J: *) 
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2 2) E (2 0 0) WOMRSfim 

loon] ifc, tE(a) x^mstizmmmit 

•)-J.#fffi*-*3t««#ftfl!»O**0. 4-1. 2 Si 

OIgUj3v>T, 4 5 0 ICWX 7 5 0 "CWTOjSJtlS 
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20 f€XeiCiJV»T, 9 0 0- 1 1 0 CCcOiSKiSBT-1 m 

[0 0 12] 

tf fc*±#L^^t ?*T-^> 5 0-6 0%®«cO^Wff®^ 
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[0013] ttz. KOiTiNbtt?!^^ 
f>-U^Ii:, jgXSOT i , Mo, C u, A 1 $:}^P 

c tnxtt^srt^ttoipix^priii^^t^^mL 

[0014]ill(i, 1 4 C r - lMn— 1 S i— 0. 
4Nb-0. 1CuS|cO«JP4. 5mm(Oij|«S'I^ 
T> tt^OiSJglCT, 3 0 s e c 0«#fitlT<'»«<B*fai 
WS:**&*fc«U, «f 2. QmmtX'Gm'EMZm 
U 104 CCT-^Srffo/wRWcojDXlSSr, 
#fi«ruffft+4«[g0 . 5 M maTOWmWSftT-KS 
50 Uc^tabio tii, *DXi4li, IIMCtfMt 
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W-HJ rffi (r-) &±imt*l&Jiii (Ar) "CWfiffi 
LTi3t), U+Uli ( a ) ftT-^£ft&«53-5liSJt*># 

[0 0 15) Hll*>f)if)MJ:-7i:, S10. 5/um 

rfflW*** < 4-19, Brtll*tt*«^S < 
£0 C*IU*H£LT, * (a) 

<7)ftA J 2. OMtii-t^'S. — ^r, Win^O 
tf**«iK>l. 2gf%^@x.4t 1 fftrttttiTU 

0>BC tPXttt-3BjK**RJ3r-ftS*t* (100)1 

*^&s8Ss?>f§ii£«i$ij-r& 1 1 t *dii4<o[6]±h* 

W4r (111) H*^-ai^^l&iSS-ti-4 
[0 0 16] — *ftH***#i»c^*-*-4 4:, v^tt 
JftftLHKfcO, MtLT (111) 1S*^a^O|& 

&-fZ>#r&mt. Fe2Nbi±ftttl.Lavestl 
j3 ± 0 s ' F e 3 N b 3 C * ±# £ -T 4 jftSf t* t? $> *> w t £ 
MOlOI-CMeurv^ (*tfl-i:7'n-bx (19 9 
2 ) , 1 9 3 5 KSEffc) o 
[0 0 17] ELt«>li**&, &fiP£*nXl4. 
¥3>rfit (r-) Tl. 2J£LL, MrtH^te (Ar) t? 
0. 5JilT<7> - 7i7'T h^X-f > UXil&W&^ftC 
it, ft (a) Tje«Sit4»»5lftJfcS:2. 0tt±tt 

Ktt* *ftttitlRir&SO. 5 ^mfilTOlMMfHVfc* 
Itl-CO. 4-1. 2%ttHTi'<£-m^o i 

KttA ffl v » 7t« aa*f a ® * s » s * 4 

MIMMfftKli, ©SO. 5^mWTO*f 

[0 0 18] JGITK, *%Wlt&lfZ&&&fS.frff)$m 

CfeJ^'N : -?-*vr*l0. 0 3Sfl%J^.T 
C:fcJ:r>*Nl±, -«WKii*'J--/9«*tf>*ffl3»KK 

t, #Jt&, ®tffc#13u iraXte&^KfSte^&T-f* 
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£Nb£#fiUi£;bnL&Mtftl3f£^£< Lfcj^o 

<. ZixZ'tLO. 0 3Rt%WTfct4. ffiLvC* 
J:trNO*tt«tH*, 0. 0 2Sf%«TT'*4„ 
[0 0 19] Si : 2. 0Rfl%JaT 
S i (±, H5ia«ft1*ttoat»U*#U*«b«:5c*-C* 

*JJ:tnBtt* , ftTi-4^i:3i»'b. S i 0-^*l6ffl(i> 
2. 0SS:%lJlTt1-4o 4f 4 L^S i 
70 1. 5Sfi%JilTT-ab4 0 

[0 0 2 0] Mn : 2. 0Sf%J-j,T 

fbfcfiKo -e-C-C, Mn 2. 0 «4%UT 

t L/Co fiP£ Lv^Mn#*fico®H(i 1 . 5Sf%ttT 

20 [0 0 2 1 ] N i : 0. 6St%OT 

nxf> u^aitcia^n-t-^rs-iir^ tMn tra^ 

4 0 fCfN i (±0. 6Kl:%JilTt Lfco » 4 Lv^N 
i^*l:0«HJ±, 0. 5»%jaTf*4. 
[0 0 2 2] C r : 9 - 3 5 Ra% 

c ri±, 7x7^f na*^st$*4 1 1 i> iz. mmtft 

A14<o®^e>(iC r liffivMif #4 Lv^ 5 \ ifiJHU^iP 
1"4tii<7)Bfeft5:iB#, 4fc^?0±#tcJ:oT]t)DXl4 
«>#flrr*o Lfcil'ot, C r co«gffll±9SJ|%W±3 
5 R*%J31T ffSL^Cr^fi^THIil 2 

Si%, ±ffi{±l 9K*%-t-*4o 
[0 0 2 3] Nb : 0. 15-0. 8 0 g5% 

40 4„ *%^tciiv^r(±, Nb(iS^ B B a «-g-a^Sr«lJffll-r 

*4<:*twji. 'j?z< ti>mmmzitmmvm<oNb& 

(Z<nm&. NbC4/cliNbNT-*»), ± 
*LfcFe 3 Nb3CtliMt)> J»K«UBEUff<E+* 
«SS 1 /* mgl t L < ti-?-*ttl±OitK65a*4 t 
Jti") fcL"CH5e-f**fiL±0«tni* f <je:«5?"C*l}. Nb 
<£>-g-*ISH<OTKt± 0 . 1 5Rt%tU, Nb 

50 14^fiT?-ti-4o 4^:«<OSjSnx K7>±#tzfeo^^ 
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JL^NbttiOTKIiO. 20Sfi%, _tB!<±0. 

5 0Kl%r-is o 

[0 0 2 4] T i : 0. 5ga%J-JlT 
T i li, Nb fcPJtHUCfcitrNSrftatffcfci LTH5e 

<bfLrv»*o lt)'L, t i oia*ii^*n(±, §Boisi4* 
ti[]X14£(g:T$-<2-£ fc t * «p"aoSiffiit«o».|» 
*at3T'to Lt* f oT, t i -kG&omma 0 . 5«* 

%WTi:Lfc. fff LV»T it#tO«II±0. 3«fi 
[0 0 2 5] Mo : 3. 0gt%J-^T 

Moii, momtitaxtrmmte * uw* 

iSHfbtt) *l*J±3*45c*-C*iK J:<9»v>4ftt (it 

Lj»>U £*4Ssini(*, fllOJStWUnitt, SPX14^«J1± 

L-fc^oT, MoOaStn(i3. 0Kt%ttTt Lfco » 
iL^MottiWlili, 2. 5St%HTf*i, 
[0 0 2 6] C u : 2 . 0 jgg%mT 

Cull, WftttiJiOfjIfilSftJStattfi-iiitt*-, ffi 

iOTBttfc^fk-tio Lfc**oT, CuOHH«±2. 0 
«g%MTt Lfco Lv>C utfi<7)ill±, 1 . 

[0 0 2 7] A 1 : 6. 0g§%l3,T 
Alii, S i fcRt)l(:7x5^ h**-r > l*-*SB<0»S 

**®T-rsci:^f>, A 1 oeili, 6. 0fi%ttT 
t -*-*o »* Lv>a 1 -t^fiOfgHJi, 4. 0KS%W 

[0 0 2 8] ±JEJBl*|.0£-&7C*KOV>'T«, ^f&HHT- 

»i Lv>tSHt LT(i, Pff)lHli0. 0 4gf%tt 
T, SO±[©Ii0. 0 3Si%WT, 0O±Kt±0. 0 

Y, R EM^, J!fcWi0ltt*«tt*i!fc#"*-47C*i: LT 

TiiiMLiv'i', ;Z«»ciEi:rafiii6lni-r4 - 

ilT**S 0 £J3, Ta, W, V, Col±3. 0St%W 
T, Y. REM<±0. 5»g%WT\ Ca, Mg, B(i 
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0 . 0 5 Sf^iUTWiaAfi i L ^ 0 
[0 0 2 9] *«Wea5ti-4«it*frOiEHU 

^OXSCi3^r=fTT£-S* ? *^» 0 JtizEU^J: o t-, & 

«ru, ego. SAimJaToaiinwaittSrffii-eo. 4 

70 »*%JA±ife*$-*Ti3<.J2«J&«**o 4 5 0t*»t 
*4fcWaWo£jaii(ifc^irB*c>*ir, 7 5 OlCir 

< Uhtztb, «ffi»£lfcOfc*K*t»SiI*l*4 5 or 

w±7 5 ox:y.Tt Ufco 

[0 0 3 0] J&Aaftmti, *fm»0«ft4:»W-r*fc 

* o jas t b# m <r> o </ > r ii# l * </ » 

Offirin 3tt±l 9J£HTOlEHt=S:4J:-7UWK-r*C 
i = (T + .2 7 3) X (2 0+ 1 og t) /1000 

;:t, t : wm&sias co , t : wajBtw (h) 

[0 0 3 1 ] 

d £ jJ^MruBBKfc* t tti:, frXaT-^fiK 

30 ^t-t^tztfxommm.&mi.. 9 0 o*cjei±i 1 0 0 

"CYXT, ®Lm$mi± 1 m i nUTt L/Jo 
[0 0 3 2] COflfeWjRjt*ft(:ov,»rii4¥lc«56L4 

iM-tzk t ^> o 011 x If , J^ffillSt* 1 1 0 1 L 
40 [0 0 3 3] &i3, ii**iS^tt4 8 0 0 

ra±i 2 5 0 rjrFoissT-nis-ftuf , sscftcs 
^.n-r * i t ii 4 v*7t «nnimffi*fr i±i*»caje l «? 

Ii U *5 v» r«MB*r ttit> Z ±m. S ■* -& lmJ!U&»i!&r L 

[0 0 3 4] ifc. ^l&W-Cli, Kn D n)f^l-OV^TIi> 
50 ^Fl-^5eUTv^V^ ±mLfcXoiZ, C65|EOtt«fT 
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Umm-C&ifzgiSifam 1 . 0 mm Ll±co 7- >UXffi 
[0 0 3 5] 

si. i o mm&-% 1 1 (± s u s 4 o 

« 1 : {ftK#<Z)6£#8l6£ 
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/0 

9ffi^n, mm&^i 2 lis us 4 3 6m§3mr-$>z> 0 
zixh<r>mit. ^rtxi> 30k gm^mm&izfom4 o 

mmCD;*.7 7'USJl)a}U 1 2 5 0 "CT- 2 BfmjoJjnl&S- 
fTV*, «l?4. 5mmi T-|?fc|WJE® £fir o^^tK^L 
fco t#t>*v£&£«£ffl^-C, tt^<0^ftt-«l?2. 0 

fco #®&M«£»**T-0$!Bi#:tt£«2, 3iZ7f: 
-To 5E2(i##§WJ£, «3(iik«0iJ^^1-o 
[0 0 3 6] 



mm 








^R^att (mm % ) 






C 


Si 


Mn 


Ni 


Cr 


Nb 


N 


* CD to 




i 


0.007 


0.85 


0.81 


0.07 


8.63 


0.35 


0.006 


Cu:0.06 




2 


0.025 


0.51 


0.75 


0.11 


12.02 


0.58 


0.010 






3 


0.012 


0.93 


1.08 


0.11 


14.47 


0.40 


0.011 


Cu:0.10 




4 


0.014 


0.31 


0.34 


0.12 


17.85 


0.42 


0.010 


Mo:0.52 




5 


0.011 


0.52 


0.43 


0.13 


19.52 


0.41 


0.015 


Cu:0.49 




6 


0.009 


0.30 


0.21 


0.09 


16.72 


0.39 


0.008 


Cu:1.59 


m 


7 


0.009 


0.26 


0.99 


0.13 


18.57 


0.79 


0.007 


Cu:0.24,Mo:2.94 




8 


0.009 


0.52 


0.04 


0.57 


34.14 


0.15 


0.009 


Ti:0.11,Al:0.13 




9 


0.004 


0.12 


0.18 


0.09 


20.11 


0.20 


0.016 


Ti:0.07,Al:5.52 




10 


0.010 


0.22 


0.98 


0.11 


18.43 


0.97 


0.011 


Cu:0.23,Mo:2.24 


it 


11 


0.014 


0.37 


0.31 
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